Reduced fallow length in slash-and-burn rice (Oryza sativa L.) production systems of northern Laos increased weed pressure, labour requirement and the need for soil and moisture con, servation. On-farm and on-station studies and on-farm surveys were used to evaluate the effect of residue management and cropping intensity on weed population, rice yield and nematode density. Residue loads were 2.3-44 t ha -1 after a rice crop and 9.5 t ha -1 after 1 year of fallow. Compared with farmers' traditional burning of crop and weed residues, mulching reduced rice yield by 43% in one out of four comparisons and increased weed biomass by 19-100%. Compared with continuous rice treatments (averaged over burning and mulching treatments), treatments with fallow or cowpea [Vigna unguiculata (L.) Walp.] in the previous year had 32% less, herbaceous weed biomass, 90% fewer Ageratuni conyzoides L. and over 99%
Introduction
Slash-and-burn agriculture systems practised in the hilly parts of northern Laos are in a transition phase, with a fast reduction in the fallow and a gradual increase in the cropping periods (Roder et at, 1997) . The shift towards shorter fallow periods has substantially increased the weeding requirements and is gradually resulting in a shift in weed populations, with more annual weeds and fewer perennial, woody species Traditional field preparation involves burning of the slashed above-ground biomass, consisting of 4-20 t ha -1 dry matter, depending on the fallow period. Residue loads and their woody composition after 1 or more years of fallow make management without burning difficult or impossible. More and more farmers plant a second or third rice (Oryza sativa L.) crop before allowing the field to go back to fallow. Fields that had rice in the previous year have relatively low above-ground biomass quantities (approximately 2-4 t ha -1 ) and field preparation without burning the residue would be feasible
The advantages of crop rotation for weed and pest management are well established, especially for temperate climates (Karlen et al, 1994) . Continuous upland rice cropping can cause considerable yield depression (Ventura & Watanabe. 1978; Ventura et al, 1984) . These yield depressions have been partly attributed to fungi and other micro-organisms (Nishio & Kusano, 1976; Ventura et al., 1984) . As both crop and fallow rotation can reduce pest problems. rota-tion with selected crops can replace some of the fallow effects. Through the choice of the crop, farmers may influence weed populations, pest dynamics. residue load and nutrient availability. Unfortunately, the options available to the Lao upland farmer are severely limited because of additional labour requirements and lack of markets.
Erosion and drought stress are considered important constraints to upland rice production. Crop residue management can influence the capacity of soil to receive, store and release water and nutrients (Sojka el al., 1984; Unger et al.. 1988) . A large volume of data shows that crop residue mulch alone, or in combination with conservation tillage; can reduce soil erosion and improve water infiltration (Lal, 1984; Gupta & O'Toole, 1986) . Non-tillage systems with surface residues generally have a more favourable microclimate, resulting in higher microbial biomass and larger pools of temporarily immobilized nitrogen (N) than conventional systems. This temporary N immobilization can reduce N loss and, depending on the timing of crop requirements, may increase or reduce N deficiency.
The traditional slash-and-burn system used by the Lao upland farmer is essentially a non-tillage system without the benefit of the surface residues. Considering the urgency for soil moisture, nutrient and organic C conservation, there is a need to develop production systems that will allow farmers to retain surface residues. During 1992-95, various investigation, were carried out in Luang Prabang province in northern Laos to evaluate the effect of residue treatment (burning vs. mulching) and cropping intensity on crop yield, weeds, nematodes and selected soil parameters.
Materials and methods

On-farm experiments comparing burning with, no burning
Two experiments in the form of a split-plot design with four replicates and a subplot size of 50 m2 (5 m x 10 m, 1993) or 18 m 2 (3m x 6 m, 1994) were carried out in fields where farmers had planted rice in the previous year. The main plot treatments, consisting of residue burning or residue mulching, were split into two subplot treatments: (1) no fertilizer and (2) 30 kg of urea N applied at the time of panicle initiation.
Weeds were controlled on all plots by light hoeing immediately before rice planting. A traditional, glutinous rice cultivar, 'Vieng', was planted in hills spaced at 20 cm x 25 cm. Approximately 8-10 seeds treated with carbaryl were placed in 3-to 5-cm deep holes made with a dibble stick. Residue dry matter was measured in 1994 by collecting the slashed biomass from four randomly placed quadrats of 1 m 2 per plot immediately before burning. Weeding with the small, traditional weeding blade was carried out once in 1993 and three times in 1994.
In 1993, fresh weed biomass was measured at the time of rice harvest from whole plots. In 1994, fresh weed biomass was measured at every weeding, and at rice harvest from four quadrats of 0.5 m 2 placed randomly in the plot. Soil samples were collected at the time of N application with an Oakfield core sampler (20 mm diameter) from the 1994 study by taking six subsamples per plot to a depth of 0-15 cm. Air -dried samples were analysed by the Soil Survey and Soil Classification Laboratory Dongdok, Department of Agriculture and Extension, Vientiane, for soil organic C (wet combustion with K 2 CrO 7 in H 2 SO 4 ) and extractable P (Olsen). Rice yields were measured from whole plots after removing two border rows
On-station experiment wit/i residue and cropping treatments
An experiment comparing continuous rice and rice in alternate years was initiated at the Houay Khot station in 1993. The experimental design was a split-plot experiment with five replicates and a subplot size of 44 m 2 (5 m x 5.5 m). The main treatments were (1) continuous rice with burning of residues before planting rice; (2) continuous rice with mulching of residues; (3) fled/fallow/rice rotation with burning of fallow residues before planting rice; and (4) 
Additional observations/methods 1995
Residues in all treatments were slashed in April and measured from a 2 m x 4 ~n area in the centre of each plot. Crop residues and residues of Chromolaena odorata [(L.) H.M King and B.L. Robinson], other broadleaved species, grasses and sedges. and woody perennials were measured separately. Dry matter for each species/ category was estimated based on subsamples collected in the first replicate.
Hand-weeding was carried out on 23 May (before planting), 12 June and 10 August. Fresh weed biomass was measured from each plot by randomly placing quadrats of 1 m 2 (two per plot for the first weeding) or 0.25 m 2 (10 per plot for the second weeding and four per plot for the third weeding). The number of quadrats was increased and the quadrat size was reduced after the first weeding to reduce variability without increasing labour requirement Weed biomass was measured separately for C. odorata. Mimosa invisa (Mart. ex Colla), other broadleaved species, grasses and sedges, and woody perennials. Additional observations taken on 10 August included density (number per area) for C. odorata, Agerarum conyzoides (L.), and woody perennials and biomass for A. conyzoides Soil samples for all treatments were collected at the time of N application as described earlier.
Root samples from five hills per plot and soil samples from below the hills removed for root sampling were used to quantify root knot nematode (Meloidogyne graminicola, Golden & Birchfield) density on the crop root and in the soil, following methods described by Prot & Matias (1995) . Samples were collected shortly before rice harvest.
Weed surveys
Following the observations in the on-station experiment, where fallow and crop treatments showed a strong effect on A. conyzoides, the resuits of weed surveys carried out during 1991-93 were re-evaluated. Special attention was given to the effect of fallow and cropping period on A. conyzoides. Materials and methods of these surveys were described previously (Roder et at, 1995a (Roder et at, , 1997 .
station was close to the long-term average for the region The experimental area was slashed and burned in 1993 and planted with upland rice. As far as possible, areas with termite mounds and tree stumps were excluded from the experiment. Nevertheless, soil conditions were highly heterogeneous, which is common in slash-and-burn fields (Andriesse & Schelhaas, 1987) . The area had a slope gradient ranging from 10% to 20%. Vetiver grass [Vetiveria zizanioides (L.) Nash.] was planted along the outline of the plots to provide permanent boundaries and to reduce plot-to-plot interaction Run-off water was removed through a combination of grass strips and drainage. Rice cultivar and planting method were the same as for the on-farm study.
Following the treatment design, only treatments I and 2 had rice in 1994, whereas all treatments had rice in 1995. Rice planting dates were 26 May 1994 and 13 June 1995. Hill spacing was increased from 20 cm x 25 cm in 1994 to 25 cm x 30 cm in 1995 because the closer spacing in 1994 resulted in yield depression caused by drought stress. Rice grain and straw yield were measured for the whole plot after removing two border rows. In 1995, the rice yield could only be measured from four replicates because of heavy damage by rats in replicate 5.
Additional observations/methods 1994
Residues for treatments 1 and 2 were slashed in early May and measured from four randomly placed quadrats of I m2 per plot before burning towards the end of May. Hand-weeding was carried out on 9 June and 10 August. Fresh weed biomass was measured at every weeding and-at rice harvest from four quadrats of 05 m 2 placed randomly in each plot.
Residues for treatment 4 were slashed and cowpea (local cultivar) planted in June. Handweeding was carried out twice, but no observations were taken for weed biomass from this treatment.
Soil samples for treatments 1 and 2 were collected on 7 June at the time of N application by taking six subsamples per plot to a depth of 0-15 cm using an Oakfield core sampler (20 mm diameter). Air-dried samples were analysed as described earlier.
Results and discussion
Nitrogen treatments did not affect weed growth or interact with the residue management treatments; therefore, the data presented arc generally pooled across the N treatment& The on-farm studies consisted of two independent experiments, whereas the on-station study was a longterm experiment with treatments applied over time to the same plots. The results of the onstation study in 1995 are, therefore, influenced by the cumulative effects of treatment applications in 1994 and 1995.
Effect of residue management and previous crop
Residue load. Residue quantities were not measured in the 1993 oh-farm experiment In 1994, residue quantities at the time of burning were 2.3 ± 03 t ha -1 at the on-farm and 3.9 ± 0.6 t ha -1 at the on-station site. Treatments with rice in 1994 at the on-station site had an average residue load of 4.4 t h -1 for 1995. with 38-42% of the residues consisting of rice straw (Table 1) . The cowpea treatment had the lowest total residue load with only about 20% contribution from the cowpea. After 1 year of fallow the residue load was 9.5 t ha -1 of which about 70% was C. odorata. After rice straw. C. odorata was the next most important residue material for all the other treatments, contributing about 40% of the non-crop residue Residue quantities and composition after 1 year of fallow were similar to those observed previously (Roder at aL, 1995b) . Mulching with rank, partly woody residues of about 10 t ha -1 after 1 year of fallow is very difficult or impossible and farmers are not likely to adopt mulching under these conditions. (Tables 2 and 3 ). Although mulching increased the biomass of herbaceous species it tended to reduce the biomass of woody perennials (Table 3) The reduction in woody perennials was 71% in 1995 (Table 3) . Because of this decrease in woody perennial biomass and high variation in all weed measurements, mulching effects on total weed biomass were not always significant. The rice/fallow rotation had the lowest biomass of herbaceous and the highest biomass of woody species. Rotation treatments (fallow or cowpea) had a strong effect on the , whereas after fallow or cowpea, the density dropped to 2-26 plants m -2 (Table 4) .
Soil parameters and M. graminicola Unlike other reports (Sanchez et at, 1983 ) soil organic C, pH, average bulk density, total N and extractable P were not significantly affected by burning or previous crop treatments at any of the sites (data not given). However, biomass quantities of 2-10 t ha -1 in our studies were much less than the 30-100 t ha' biomass loads of traditional slash-and-burn systems (Sanchez et at, 1983; Andriesse & Schelhaas, 1987) . The number of M. graminicola nematodes present in 1995 (on-station study) was negligible for the treatments with fallow or cowpea in the previous year, but high for the treatments with rice in the previous year (Table 5 ). There were significant differences between replicates, with more .M. graminicola in replicates 4 and 5, which had a slightly lighter soil texture The numbers of M. graminicola were correlated with the density of A. conyzoides with correlation coefficients of 0.52 (P<0.01) for observations on rice root and 0.46 (P < 0.01) for observation from soil samples. Rice yield and its association with other parameters measured. Rice yields were 44% less on residue-mulched plots in 1993, but there was no significant difference between mulching and burning on yields in the other years (Table 6) . Nitrogen fertilizer effects were only evident in 1993, when N application increased rice yield by 18% with burning or residues and by 74% when mulching with the residues (data not shown).
Weed competition and N immobilization by mulching are possible explanations for the inconsistent mulching and N effects on rice yields. Such effects can be influenced by a range of factors including soil moisture stress at various periods during the' season, N immobilization through mineralization by the residue biomass. timing of N application, N leaching and effects of residue treatments in the previous year (for the yields in 1995 only ) Many studies have shown that systems with surface residues generally have a more favourable soil microclimate, resulting in higher microbial biomass and larger pools of temporarily immobilized N than other systems-However, because of the complicated interactions, it is difficult to predict the effect of residue and tillage practices on soil microbial activity or N cycling (Power & Doran, 1988; Babalola & Opara-Nadi. 1993 ). Although cropping treatments had no significant effects on grain yield there was a strong negative association observed between rice yield and A. conroides density at the last weeding, total herbaceous weed biomass from three weedings and the number of M. graminicola found on the roots of the rice plant (Table 7) .
Effect of fallow duration on A. conyzoides and other weed species
Data analysis of two weed surveys previously carried out on farmers' fields did not show good correlation associations between fallow length and A. conyzoides frequencies and its contribution towards the total weed cover or its frequencies (Tables B and 9 ). The trends of the negative association between fallow length and A. conyzoides were, however, consistent in both studies, and when averaged over classes of different fallow length, the A. conyzoides cover (Table 8) or density (Table 9 ) showed a decline with increasing fallow length. For C. odorata, the most common weed species, no trends in density or frequency were evident in either survey and no association with fallow length was discernible. The occurrence of M graminicola infection was also decreased by fallow length (Table 9 ) and tion systems, however, especially in the light of accelerated loss of soil organic C and N through mineralization (Roder et at., .1995a ) and the need for nutrient and water conservation, residue mulching is likely to become an important strategy. Further research into systems that integrate crop rotation, residue management and weed management strategies is required.
In an on-station study the introduction of fallow or crop rotation treatments had a strong effect on A. conyzoides, an introduced weed species that serves as a host of M. graminicola and is often associated by farmers with poor rice yields. The effect of fallow length on A. conyzoides populations was much less pronounced in the on-farm weed surveys. The absence of a strong relationship between fallow period and A. conyzoides or M. graminicola in the on-farm survey is probably the result of unaccounted interaction of farmers' management decisions with the other variables. In fields where a farmer expects a high prevalence of A. conyzoides, he or she may increase the fallow period, and/or reduce the cropping period, or alter the weeding efforts. The relatively strong effect of cropping on A. conyzoides populations and the absence of N effects further supports the theory that weed pressure and associated pest problems, rather than soil fertility, are the main factors that influence farmers' decisions in relation to fallow and crop management.
M. graminicola density showed a weak positive correlation (r = 0.23, P = 0.09) with A. conyzoides density. A. conyzoides is a good host of M. graminicola (Waterhouse, 1993) and shifts in weed population towards more A. conyzoides are likely to result in increased damage to the rice plant by M. graminicola. Following the results of the on-station study in which 1 year of fallow reduced A. conyzoides densities from 77 plants m -2 (burning treatment) to two plants m -2 , a stronger association between fallow length and A conyzoides density or cover was expected, Farmers are, however, already well aware of the negative association between it conyzoides and rice yield and they may adopt fallow and cropping periods according to the expected extent of A. conyzoides infestations, Furthermore, they may start weeding earlier if high numbers or it conyzoides are present in a particular field.
Such an adaptation by the farmer to expected weed problems could neutralize the expected survey effects of fallow length on A. conyzoides and M graminicola.
Conclusions
Burning of residues not only makes land preparation easier for the farmers but also offers a cheap method of weed control In spite of drought being considered a major yield constraint, no positive short-term effects of residue mulching on grain yield could be demonstrated in mulching experiments carried out over a period of 3 years There will be no benefits for farmers from residue mulching in production systems with short cropping and short to medium fallow period& For permanent rice produc- 
